Abstract: Pd/Et 3 B and Pd/Et 2 Zn systems promote the nucleophilic allylations of 2-aminotetrahydrofuran and 2-aminotetrahydropyran with allylic alcohols to provide -hydroxyhomoallylamines in high yields. The transformation is applicable to the allylation of non-protective carbohydrates, such as ribose and deoxyribose.
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Pd-Catalyzed allylations are among the most efficient strategies for C-C bond formation in organic synthesis. 1 In particular, nucleophilic allylations of aldimines have well been utilized extensively for fundamental skeleton elongations of carbon chains of nitrogen-containing physiologically active molecules. Although aldimines are widely synthetically useful for valuable functionalizations, it is highly problematic that they tend to be less reactive than aldehydes. 2 Recently, we have demonstrated that a combination of Pd catalyst and Et 3 B nicely promotes aldimines prepared from aromatic aldehydes and primary aliphatic amines bearing enolizable protons to provide homoallylamines in excellent yields (Scheme 1). 3 In this case, it is necessary to activate the aldimines using either amines or aldehydes with electron withdrawing groups. Although 2-hydroxytetrahydrofuran and 2-hydroxytetrahydropyran with primary amines readily lead to 2-aminotetrahydrofurans and 2-aminotetrahydropyrans, respectively (Scheme 2), the low concentration of the -hydroxyimine tautomers in equilibrium with the N,O-acetals often renders the attack by nucleophiles more difficult. Herein, we report that the Pd/Et 3 B and Pd/Et 2 Zn systems have been successfully extended to the nucleophilic allylation of N,O-acetals prepared from 2-hydroxytetrahydrofuran and 2-hydroxytetrahydropyran with primary amines in the presence of allylic alcohols, providing -hydroxy homoallylamines in good to excellent yields in one-pot synthesis.
The reactivity and regioselectivity associated with the unique nucleophilic allylation of N,O-acetals from a wide variety of carbohydrates and primary amines are also reported.
<Scheme 2 > and benzylamine resulted in formation of intractable mixtures of allylation products in the presence of Et 3 B, the desired products 1e and 1f were produced in reasonable yields that were promoted by Et 2 Zn along with the N-allylated homoallylamines 2 (entries 5 and 6, Table 1 ). The combination of Pd (0) and Et 2 Zn tends to accelerate not only nucleophilic allylation at the imine carbon atom but also the electrophilic allylation on the nitrogen atom of -hydroxyhomoallylamine to form N-allylated homoallylamines 2.
3a n-Hexylamine showed marginal success in the formation of 1g, irrespective of the promoters, Et 3 B or Et 2 Zn (entry 7, Table 1 ).
< Table 1 > It has been reported that nucleophilic allylation of carbonyls and imines with -and -substituted allylmetal species in the presence of Pd catalyst tends to take place with high regioselectivity, providing more substituted allylated products via 6-membered ring transition states. 6 However, in the present study, the selectivities are unexpected. Some results using substituted allylic alcohols are summarized in Table 2 . trans-2-Buten-1-ol and 1-methyl-2-propen-1-ol show marginal success in the formation of a mixture of syn and anti methyl substituted homoallylamine 3a (entries 1 and 2, Table 2 ). Phenyl substituted allyl alcohols displayed better stereoselectivity than those with a methyl group.
Cinnamyl alcohol provided the desired syn-and anti-3b in a 6.5:1 ratio by treatment with Et 3 B (entry 3, Table 2 ). Under similar conditions, -phenylallyl alcohol provided syn-3b
as the sole product (entry 4, Table 2 ). In contrast to the results of Et 3 B, Et 2 Zn shows alternative regioselectivity giving rise to the linear product (E)-4b predominantly along with the branched isomer 3b as a minor isomer (entries 3 and 4).
< Table 3 .
2-Hydroxytetrahydrofuran provided 1h in modest yield by means of Et 3 B, whereas Et 2 Zn induced nucleophilic allylation and further electrophilic allylation on the nitrogen atom to
give the N-allylated homoallylamine 2h selectively (entry 1, Table 3 ). 3a,7 5-(2-Naphthyl)-2-hydroxytetrahydrofuran afforded 1i as a mixture of syn and anti isomers in a 1:1 ratio irrespective of employment of Et 3 B or Et 2 Zn (entry 2, Table 3 ).
3,4-O-Isopropylidene-2-hydroxytetrahydrofuran underwent similar nucleophilic allylation providing a mixture of syn and anti isomers 1j in a 1:5 ratio (entry 3, Table 3 ).
Et 3 B was insufficient for similar allylation of carbohydrates, such as deoxyribose and ribose, whereas an excess amount of Et 2 Zn successfully promoted the reaction, giving rise to the desired allylation products 1k and 1l, respectively (entries 4 and 5, Table 3 ).
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A spirocyclic acetal was also an adequate substrate and the corresponding allylated product 1m was obtained in a reasonable yield (entry 6, Table 3 ).
6-Vinyl-2-hydroxytetrahydropyran displayed similar reactivity by treatment with Et 3 B to provide homoallylamine 1n in a 4:1 ratio (entry 7, Table 3 ). A 7-membered cyclic hemiacetal underwent similar allylation with Et 3 B to provide hydroxyhomoallylamine 1o, while Et 2 Zn gave the allylated products 1o and 2o in modest yield (entry 8, Table 3 ).
< Table 3 >
Although it is premature to rationalize the regio-and stereoselectivities for the present reaction, some plausible reaction mechanisms are shown in Schemes 3 and 4. Based on the results of Table 2 , an allyl metal species generated from methyl substituted allylic alcohols might react with the hydroxyimine via transition state II to avoid steric repulsion between the methyl group and the substituent on the nitrogen atom (transition state I), resulting in selective formation of the syn-3a isomer as depicted in Scheme 3. As for the formation of 1e [b] 1f [b] 1g:50 1k [b] 1l [b] 1m:75 1n:63 
